In rainfall-runoff modelling, a monthly timescale and an annual one are sufficient for the management of deductions. However, to simulate the flow at a large time-step (annual), we generally precede the use of a model working for a finer time-step (daily) while aggregating the desired outputs. The finest time-steps are considered, apriori, as the most performant. By passing from one time-step to another, and in order to work in the desired time-step (annual) and calculate the potential gains or loss, this article proposed a comparative study between the aggregation method of outputs of a modal working at a finer time step, and a method in which we use a conceived model from the beginning. To ensure this comparative and empirical approach, the choice has been focused on (GRs) models to a daily time-step (GR4J), monthly time step (GR2M) and annual time step (GR1A). The modelling platform used is the same for all three models taking into account the specificities of each one: the same data sample, the same optimization method, and the same function criterion are used during the construction of these models. Due to the moving between these time steps, results show that the best way to simulate the annual flow is to use an appropriate and designed modal initially conceived to this time step. Indeed, this simulation seems to be less effective when using a model at a finer time-step (daily).
Introduction
The hydrological literature is rich in conceptual rainfallrunoff models at different time steps especially the daily one such as Beven The approach consists in passing from a large timestep to a finer one or vice versa, in order to calibrate the parameters, optimize the functions of the modals, or test the interdependence of parameters of the same model from one time-step to another, which is increasingly adopted: Hughes However, to simulate the flows at a larger time-step (monthly or annually), we often use a rainfall-runoff model operating at a daily time-step, then, by the aggregation of outputs, we obtain the flows at the desired one (monthly, seasonal, annual).
This method results from "the received" idea of the structural superiority of modals performing at finer timestep (daily or hourly) compared to others at a larger one. However, this summing method of models' output has not been compared to the method where appropriate modals at a desired time-step are applied. Is it always effective? Which model can we choose? And for which timestep? Passing from one time-step to another, what is the evolution of the structural morphology of the modelling conceptual globing rainfall-runoff?
While trying to encrypt the gain or loss, this article attempts to answer these questions. It is caused by the use of a model to estimate the flow rates on a time-step higher than that for which the modal is conceived to work.
This work deals with the case of the annual time step, where the flows are simulated: either by an annual model; or monthly or daily models when aggregating the outputs to the annual time step.
The first paragraph deals with the choice of the model, which is brought to GRs models (GR4J, GR2M and G1A). The second one is devoted to explain the platform of the used modelling for the three time-steps. In this section, a new method of initialization has been tested. The last paragraph explains and interprets results.
The Chosen Models: GR(s)
The choice of GR(s) models compared to others is based on the following reasons: the availability of a model at each time-step. Same modelling platform, (sample data and modelling methodology) used in their construction, and better performance compared to other global conceptual models.
Daily Time-Step GR4J (Perrin et al., 2003)
GR4J is a global conceptual rainfall-runoff model with four free parameters. It is the result of gradual improvements of the work undertaken within the National Research Institute of Science and Technology for Environment and Agriculture "IRSTEA": Michel [18, Edijatno and Michel [19, Edijatno [20, Edijatno et 
The version used in this article is the one proposed by Perrin. It is deducted following a comparative and empirical approach among 38 global conceptual models including TopModel, HBV, etc. [24.
The structure of GR4J model is based on a reservoir of production called also "Reservoir-Soil", a reservoir of draining, and on two Unitarian hydrographs (Figure 1) . Pluviometry (P) and potential evapotranspiration (E), expressed in millimetres (mm), are inputs's variables of the model. The interception phase consists in calculating, Figure 1 . Architecture of GR4J model. from these two inputs, the net rain (Pn) or the net evapotranspiration (En) as follows (Equation (1)):
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The Soil Reservoir is characterized by its maximum capacity "X1", the first parameter of GR4J model. (S) is the reservoir content responsible for realizing a follow-up of humidity in the basin.
In the case where all the rain is consumed during the interception, the amount (En) is used to evaporate the water in the reservoir-ground at a real rate (Es). Conversely, when rain remains (Pn), a part of it (Ps) is stored in the reservoir. (Es) and (Ps) are calculated as functions of filling rate of the reservoir of production
The content of the reservoir of production is updated as follows
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A percolation term, which is the reservoir output and the function of the S' level, feeds the flow as follows (Equation (4)):
The content of the reservoir is updated again (Equation
The supplementary part of rain (Pn -Ps) or effective rainfall, to which we add the percolation term, is separated into two components. A direct flow (Q1), which represents 10% of the effective rainfall, joins the outfall after a rooting by a Unitarian hydrograph (SH2). The other part (Q9) representing 90% of the effective rainfall is routed by another Unitarian hydrograph (SH1) followed by a rooting reservoir.
The Unitarian hydrograph is a function that allows the creation of a time lag between rainfalls and flows. The two used hydrographs (SH1 and SH2) depend on the same reference period. (X3), as a third parameter wedged from the model, characterizes the rising time of the Uni-tarian hydrograph. Expressions of functions (SH1) and (SH2) are as follows (Equation (6)):
(j) can also take non-integer values. Hydographs's ordinates (UH1 and UH2) are calculated from curves in "S" representing the cumulation of Unitarian rainfall proportion by the hydrograph in function of time, noting respectively SH1 and SH2 (Equation (7)):
At each time step (i), outputs (Q9) and (Q1) of the two hydrographs are calculated by (Equation (8)): 
The (Q9) quantity passes through a non-linear rooting reservoir of level (R) and of maximum capacity (X2) which is the second parameter to wedge from the model. This reservoir is characterized by its act of instant draining of this type: "Qr(t) = K·(R(t)) 5 ", wherein (K) is a constant. The level (R) of the rooting reservoir is affected by the relative quantity in underground exchanges, which is a function of the fourth parameter of the model (X4).
The level (R) of draining reservoir is updated as in the Equation (10)
Having transited the rooting reservoir, the quantity is deducted by the integration of the draining act as follows (Equation (11))
The level of the reservoir is updated according to the Equation (12)
Having undergone the hydrograph action (HU2), the quantity (Q1) is subject to the same changes to give the flow component according to Equation (13):
The flow is then given by the Equation (14):
Monthly Time-Step: GR2M (Mouelhi et al., 2006b)
The (G2M) is a global conceptual model with two parameters. As for the GR4J case, it has underwent many transformations since its first construction up to the most recent version Edijatno The most recent structure has been developed using a "step by step" approach or "stepwise approach". It is a question of testing a multitude of interconnected components and retaining only the combination leading to a better performance [8.
Empirically, and further to a comparative study with eight other structures of global conceptual rainfall-runoff models, the GR2M model seems to be the most performant.
This model is characterized by two functions ( Figure  2 ): 1) a function of production that revolves around a reservoir-ground of a maximum capacity (X1), which is the first parameter to be wedged. Transferring a percolation of reservoir-ground is ensured by a dependent feature of the stock status "S"; 2) a transfer function represented by a quadratic draining reservoir of a capacity fixed to 60 mm. This reservoir is modified by an underground exchange, whose coefficient (X2) is the second parameter to optimize. The runoff is calculated according to seven operations (Equations (15)- (24) ): Under the action of rainfall (P), S m−1 level becomes S * , where (m) refers to the month in question:
It follows a contribution to the (PR) flow: 
(1) Under the action of potential evapotranspiration (ET), the level (S * ) becomes (S ** ) as follows:
(2) By percolation (S ** ) becomes (S m ) at the end of the month (m):
(3) The reservoir (R), which level at the beginning of the month (R m−1 ) becomes (R * ):
(4) The exchange term (ECH) is calculated as follows, where (X 2 ) is a positive and dimensionless parameter:
(5) Under the action of this exchange, the reservoir level becomes: (25)): 
Modelling Platform
To insure the passage from one time-step to another without biasing results, the modelling platform used during the construction of these modals is the same used in this work.
Sample Data
The sample data used in this study is 407 watersheds having served in modelling work conducted at (IRSTEA), including the development of models GR4J, GR2M and GR1A: Mouelhi This sample collects rainfall data (P), of an evapotranspiration (E) and flow (Q) of very varied hydroclimatic conditions of 407 watersheds of: 298 French basins, 70 Americans, 26 Australians, 9 Ivorian and 4 Brazilian.
( Table 1) .
The rainfall data (P), of flow (Q) and some of the potential evapotranspiration data (E) are provided to a daily time-step. It was necessary to aggregate data at different desired time-steps to meet the objectives of this work. This sample presents quite different climatological, hydrological and anthropogenic conditions. On one hand, there exist semi-arid conditions in Australia or in the south of the United States, with watercourses knowing flows only a few days in the year. On the other hand, we find wet tropical conditions in the south of the Ivory Coast or the North of Australia.
The French basins are characterized by a quiet big climatic diversity, with Mediterranean and continental influences.
The watershed size varies over a wide range, from 0.1 to more than 50,000 km 2 . The larger watersheds are those of La Seine in Paris (43,800 km 2 ) and of São Francisco in the dam of Três Marias in Brazil (50,600 km 2 ).
This sample also reflects a variety of seasonal patterns. Indeed, basins exist with very contrasted wet and dry seasons and also fairly unfirming scheme throughout the year both at the level of rainfall and flow.
Methodology of the Application of Models

Variable Target, Assessment Criteria and
Optimization Method The objective behind choosing the variable target is to take into account, in a balanced way, the different ranges of elapsed flows without favouring the quality of reproduction of low or strong values.
However, residues of a model are generally not homoscedastic that is to say, their variance is dependent on the value of the flow [32.
If the choice of variable target has been on the flows (Q), strong yield basins would have been privileged. The interest is proceeding by a transformation on variable flow (Q) in order to take into account, in a relatively uniforming way, all the orders of High flows.
The flow rate could be an appropriate choice of transformation. This variable tends to take into account the humid and arid basins in an equivalent manner. Yet, during the measures, the flow, as well as the pluviometry, are tainted by error. Dividing the flow by rainfall, the relative errors accumulate. Thus, the risk of biased esti-mates is even stronger.
A logarithmic transformation on flows, to which we add a low constant to avoid the problem of the useless flows, could be valid [35.
So, values of flows will be levelled, and errors of the model vary then in the same height order for all classes of flows.
A transformation power of flows (transformation with 0.5 power), allows to have the intermediate case between the logarithmic transformation and the solution (Q) without biasing calculations [36.
Such a choice of transformation allows, at the same time, to reduce the character of non-homoscedasticity residue models, and to keep the works having served in the construction of coherent used models in this article. Consequently, it is the variable "root of Q" that is used.
The criterion function used is based on the so-called Nash Criterion (CN) [37. When performing the chosen transformation (Q root), for each watershed. This criterion can be written as follows (Equation (26)): (CN) will take values from (−∞ to 1). The model is considered as performant when the estimated flows get closer to the observed flows, that is, when CN is close to 1.
Previous studies have demonstrated the relevance of this criterion relative to another part of the overall conceptual modelling [38.
The choice of the optimization method has been focused on the so-called "step by step" (Michel et al., 1989; Nascimento, 1995) . It is a direct method, which operates a local optimization (maximization or minimization) of an objective function chosen by the user regardless of the method. This is a maximization of the (CN) function. This method adopts a displacement strategy along the axes of the parameter space, with a research step that can vary from one iteration to another. It proved a better performance compared to other methods in the context of global conceptual rainfall-runoff modelling [23.
Implementation and Evaluation of the Robustness
The robustness models was assessed using the technique of the "double sample", also called "Split-Sample test" [39. It is a question of cutting the period of observation into two sub-periods, one for the wedging and the other one for the control (or validation). Their roles will be swapped so that we have two periods of stalling and two periods of controls. Thus the model tested will be evaluated only at the control.
For each watershed, "Nash" corresponds to the sum of the squared deviations between observed and calculated values relative to the first and the second control, with regard to the sum of squares of distances between the value and average observed over all the period of observation (wedging and control). It is translated according to the following formulation (Equation (27)):
CNSS: Nash criterion using the "Split-Sample" technique. N 1 : start-up time. N 2 : end of the first sub-period. N: total observation period (day for GR4J, Months for GR2M and year for GR1A for each watershed: M average of Q observed in all period's totality. Q: the observed runoff depth. Q  : Calculated water blade by the modal. And {S}0: the initial state of the system. The initial state of the system consists in predefining values of departure for the parameters of the model before passing to the optimization phase. In other, words before its confrontation to the observed hydrological reality.
In the case where the model would contain reservoirs, this initialization phase would also consist in predefining the initial levels of these before the wedging.
In an empirical or conceptual modelling, this initialization phase appears as a "physical": necessity: "It is better to know from where we start to understand where we are going."
Generally, this initial state is defined arbitrarily by the modeller. However, the initial state choice can influence the optimal set of parameters of the model and its performance. To overcome this constraint, we usually choose a period of initiation, which consists in turning the system for an observation period without being taken into account in the calculation of the performance.
For better daily time-step, the starting period, associated with the best performance, is of one year, that is to say, 365 observations (Perrin, 2000; Perrin et al., 2001) . It is the same period used in this article for the same time-step.
At the monthly time step, a year of commissioning is equivalent to only 12 observations. To mulch this prob-lem, a new method has been tested, here by the "starting up of cyclic system". This latter consists in feeding the reservoir(s) by an interannual monthly rainfall. The equivalent output is the average of interannual monthly flows (Figure 3) . The operation is repeated until the stabilization of the reservoir level. The corresponding level will be taken as the initial level of it.
The calculations showed that 20 iterations of cyclic regime with one effective year of starts are sufficient at a monthly time-step. As for the annual one, the modal chosen here is without reservoir (Equation (25)). It will be enough to fix the initial value of the parameter by avoiding the mathematically insensible zones (not near zero and infinity).
Results and Discussion
Given large number of tests in wedging and controlling as for a used model, 814 wedgings, 814 controls and 407 values of criterion of performance, it was interesting to be able to analyse the results of the performance of each model, by summarizing it into one or two numbers.
The quantile (30%) of performances distribution has been mainly chosen, noted (Cr3) as well as the average of the values of CNSS. These distributions are obtained by ranking CNSS criterion values of a model in control through ascending and constructing the corresponding experimental distribution.
First of all, the GR1A model was applied on the sample data to encrypt its performance. Then, with monthly data on the same sample, GR2M monthly model was used, where annual rates were estimated by summing the outputs. Similarly, annual rates were also estimated from daily data by using GR4J model (Figure 4 and Table 2 ).
As reported, and strongly influenced by negative values of the performance criterion, the 30% quantile (CR3) is adopted here as a criterion in addition to the average ( Table 2) . These criteria are also argued in Figure 4 in order to get an overall idea of the performance of models over the entire sample data.
The annual model GR1A widely outclasses the daily model GR4J, and less clearly the model GR2M. These results show that, to feign annual flows, the best way is to use a model suited to this time-step, by avoiding getting lost in useless details that can weight down the task of regrouping data and the implementation of the model. This report comes against the preconceived ideas to use a finer model and to aggregate the data of outputs for every desired time-step.
However, from the at about 60% quantile, (CR6), the performance of annual, monthly and daily models become comparable with a slight superiority of GR4J then GR2M compared to GR1A (Figure 4) . This could be explained by the fact that the distribution of rainfall and evapotranspiration over the year is not reflected in the architecture of GR2M and GR1A models.
Indeed, for arid or semi-arid watersheds, rainy season is concentrated in few months or even few days of the year.
On the other hand, to visualise the morphology of models from one time to another, the GR4J, GR2M and GR1A architectures have been gathered on the same figure (Figure 5) . The daily and monthly models are relatively connected to the conceptual plan.
This conceptualization disappears completely at an annual time-step. Only the underground exchange, taking the form of a linked coefficient to the evapotranspiration cinquefoil, remains. Thus, the passage from monthly time-step to yearly time step is done "brutally". We believe that the prospect of building a global conceptual model at a seasonal time-step seems to be interesting. Conceptually, it will allow to see the composition of a model opening at an intermediate time step between the monthly and the annual.
Furthermore, the contrast between dry and wet seasons will be taken into account, which is not considered at the level of GR2M and GR1A architectures.
Conclusions
A modelling methodology was adopted to avoid biasing results and to encrypt the gain or loss caused by the use of a model, in order to estimate the flow at a time-step higher than that to which the modal is conceived to operate.
So, the choice of models is carried to GR1A, GR2M and GR4J, where the modelling platform is opted here. It also has been used to their constructions: sample data (407 watersheds), performance criterion of Nash by introducing a technique called "Split-Sample" (CNSS), variable target (root flows) and optimization method (step by step).
Let us note here that a new initialization technique of reservoirs' levels, called "cyclic start-up scheme" allowed the escape at their arbitrary choices. Contrary to preconceived ideas, results show that the use of a designed model working at a large time-step (GR1A for the annual), is more accommodated than the use of a finer model (GR2M or GR4J) by aggregating the exits at an annual time-step.
Structurally, the conceptualization of models disappears at an annual time-step (GR1A) compared to daily and monthly time-steps (GR2M and GR4J), which remain relatively similar structures. It seems to be interesting then to build a model at a seasonal time-step (intermediate between the monthly and the annual), which will take into account the effect of rainfall distribution and evapotranspiration throughout the year.
